Asthma is a chronic immunological disorder of the lungs characterized by reversible airway obstruction, airway inflammation, and increased airway hyper responsiveness in response to provocative challenges.
Introduction
Asthma is a chronic immunological disorder of the lungs characterized by reversible airway obstruction, airway inflammation, and increased airway hyper responsiveness in response to provocative challenges [1] . It is a prevalent disease worldwide that has significant social and financial burden on the individuals affected [2, 3] . Management of asthma includes multiple modalities and a step-up approach in its pharmacotherapy has been suggested. Increasing evidence demonstrates that vitamin D deficiency plays a role in chronic diseases including asthma [4] . Vitamin D is a fat-soluble nutrient and a secosteroid hormone which is widely recognized as a modulator of calcium absorption and bone health and also plays a role in regulating neuromuscular function, cellular differentiation, insulin secretion and blood pressure [5] . Vitamin D insufficiency is increasingly recognized in the general population, and has been largely attributed to dietary, lifestyle and behavioral changes [6, 7] . While its musculoskeletal consequences are well established, a new hypothesis links asthma to subnormal vitamin D levels [8] [9] [10] .
Vitamin D has several effects on the innate and adaptive immune systems that might be relevant in the primary prevention of asthma, in the protection against or reduction of asthma morbidity, and in the modulation of the severity of asthma exacerbations [11, 12] . Vitamin D has been shown to have a role in both innate and adaptive immunity by promoting phagocytosis and modulating the effects of Th1, Th2 and regulatory T cells [13, 14] . Vitamin D deficiency has been associated with increased airway hyperresponsiveness (AWH), lower pulmonary function, worse asthma control and steroid resistance [15] .
Cross-sectional data indicate that low 25(OH)D levels in patients with mild to moderate asthma are correlated with poor asthma control, reduced lung function, reduced glucocorticoid response, more frequent exacerbations, and consequent increased steroid use [16] . An analysis of the Third National Health and Nutrition Examination Survey (NHANES III) showed an association between serum vitamin D levels and respiratory infections. Further, a correlation was seen in patients with asthma and COPD suggesting that the role of vitamin D may be more significant in these populations [17] . Another population-based study suggests a strong relationship between serum concentrations of 25-hydroxyvitamin D, forced expiratory volume in 1s (FEV1), and forced vital capacity, as lower pulmonary function is associated with vitamin D deficiency [18] . Therefore, the aim of this study was to prospectively investigate the relationship of vitamin D levels with markers of asthma severity and control in asthmatic patients.
Methods
This was a prospective study conducted in the Dept of General Medicine in collaboration with Dept. of Immunology and Molecular Medicine Sher-i-Kashmir Institute of Medical Sciences over a period of two years (2014 to 2016). Patients were taken up for study from the General Medicine OPD, Pulmonary disease clinics and Allergy, Immunology clinic. One hundred twenty patients were diagnosed as asthmatics as per current Global Initiative for Asthma (GINA) criteria. Written informed consent was obtained from patients prior to inclusion in the study ,ethical clearance was sort from institute ethical committee and the study was approved by the Institutional Research Board (IRB) of Sher-i-Kashmir Institute of Medical Sciences, Srinagar (IEC/SKIMS Protocol#238/2014). 
Inclusion criteria

Exclusion criteria
1. Hospitalization during past 4 weeks. Clinical examination of the patients was done and all the patients presenting with classical symptoms of asthma were subjected to further immunological and biochemical investigations. These included:
1. Sputum eosinophil count: eosinophilic (eosinophil count ≥ 3%) or non-eosinophilic was done by Rawlins method. Briefly, sputum was collected in sputum containers with minimum amount of 2 ml, centrifuged and separated from saliva.This was followed by preparation of a phosphate buffered saline and 0.1% dithiotheitol solution was added. This solution was added to sputum in 1:1 ratio. 
Stastistical analysis
All the data was subjected to statistical analysis using SPSS version 21. The data was presented as mean ± standard deviation (SD). The difference in the mean baseline values of various measurements within the group and between the groups was made using student's t-test. The data was analysed using person chi square test, odds ratio, A two tailed P value of <0.05 was considered significant.
Results
The asthma patients, who were having a sufficient level of Vitamin D were taken as controls in the study. The age of the subjects in the study group ranged from 18 to 80 years with a mean of 30.81 ± 8.97. The gender distribution of the study subjects revealed that there were 72 males (60%) and 48 females (40%). 57.5% of patients were smokers and 42.5% were nonsmokers. In our study, serum levels of vitamin D, pulmonary function tests, asthma control test score were analysed in 120 asthmatic patients who were divided into vitamin D sufficient and vitamin D insufficient group. The patients were further classified as intermittent, mild, moderate, severe asthmatics depending on the severity of asthma. Vitamin D deficiency was highly prevalent in asthmatic patients, and there was a direct and a significant relationship between serum vitamin D levels, severity of asthma, control of asthma, serum IgE levels, sputum eosinophils and lung function (Tables 1-4) . 
Discussion
Asthma is a common chronic inflammatory condition of the airways resulting in airway inflammation. The bronchi are hyperactive and narrow in response to a wide range of stimuli, initially reversible which may progress to irreversible obstruction to airflow [19] . Because vitamin D promotes steroid sensitivity in the body, can down regulate an inflammatory state via gene expression and cytokines production, its action could be directly on the airway. Deficiency of Vitamin D could be associated with an inability to switch off the inflammatory state, following an acute inhalational insult, with up regulation of prostaglandin, leukotrienes, macrophages, T cell activity and recruitment [20, 21] . Vitamin D also inhibits the formation of matrix metalloproteinase as well as fibroblast proliferation and influences collagen synthesis; therefore suggesting the role of 1,25-dihydroxy vitamin D in tissue remodeling and probably lung function [22] . Vitamin D influences airway remodeling by affecting smooth muscle cell movement, growth, and contractility and by inhibiting transforming growth factor-b and matrix metalloproteinase as well as fibroblast proliferation [23] .
Serum IgE levels are associated with bronchial hyper responsiveness and asthma independently of atopy status and specific allergic sensitizations [24] . In the present study, serum IgE levels in the vitamin D sufficient group was significantly lower as compared to the deficient group (p<0.001). Satwani et al found serum total IgE to be a good predictor of allergy and significantly associated with severity of asthma [25] . Borish et al. also demonstrated that severe asthma patients had higher IgE levels compared to mild asthma [26] . Our findings are in accordance with these studies. The correlation between the serum IgE levels and asthma severity points towards the clinical application of anti IgE therapy for treatment and maintainance of moderate and severe asthma.
The present study also showed that asthmatics with insufficient vitamin D had a higher mean for sputum eosinophils than with sufficient vitamin D (P value<0.0001) as well as higher absolute eosinophil counts as compared to the sufficient group (p<0.05). These results have also been observed by Brehm and colleagues, who showed that higher vitamin D levels were inversely associated with IgE, sputum eosinophil and peripheral blood eosinophil counts and was associated with reduced hospitalization rates, lower use of anti-inflammatory medications for asthma and less airway hyper responsiveness. In contrast, bronchial asthma patients with vitamin D insufficiency had significantly higher sputum eosinophil % and a significantly lower FEV1% than bronchial asthma patients with sufficient vitamin D [27] .
The degree of severity of asthma was inversely associated with lower vitamin D levels (P<0.001). Our observations correspond with those reported by Shebl et al We also observed atopy was higher in asthmatic patients with vitamin D insufficiency than those without vitamin D insufficiency [28] .
Although the above studies suggest an important role of Vitamin D in prevention and management of asthma, some other studies have reported a rather contradicting role of Vitamin D in inflammation. Studies on murine models suggest that vitamin D may induce a shift in the balance between Th1 and Th2-type cytokines toward Th2 dominance [29] . Further, Matheu et al [30] have shown that vitamin D has dual effects of both enhancing and suppressing allergic Th2 responses in a murine model of pulmonary eosinophilic inflammation.
Conclusions
We conclude that vitamin D deficiency was highly prevalent in asthmatic patients, and there was a direct and a significant relationship between vitamin D levels and severity of asthma, therefore measuring serum levels of vitamin D followed by supplementation could be considered in the routine assessment of patients with bronchial asthma.
